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Introduction
Pediatric HIV infection remains a significant public health issue; 2.6 million children, 2.3 million of whom were in sub-Saharan Africa (SSA), were infected worldwide in 2014 [1] . To reduce HIV mother-to-child transmission (MTCT), different strategies have been recommended by the World Health Organization (WHO).
Adoption of WHO Options (Fig 1) was from the initial regimen of monotherapy with zidovudine (AZT) at 36 weeks of pregnancy and highly active antiretroviral therapy (HAART) at 14 weeks before delivery (Option A) to the more recent Option B and Option B+. In alignment with the WHO guidelines, Option A was adopted in Senegal in 2010; in this regimen, AZT treatment is begun at the 14 th week of gestation, a single dose of nevirapine (sdNVP) is provided during labor, daily doses of zidovudine/lamivudine (AZT/3TC) are given for 7 days postpartum, and finally, daily doses of NVP are given from birth to up to 4-6 weeks postpartum. By the end of 2011, Option B was adopted; this option consists of a three-drug regimen provided to the mother from the 14 th week of gestation to delivery and continuing during the entire breastfeeding period. Furthermore, prophylactic treatment is provided to newborn infants as part of Option B. At the end of 2012, Senegal adopted Option B+, which provides lifelong ART to all HIV-infected pregnant and breastfeeding women irrespective of CD4 count or clinical stage [2] [3] [4] . To prevent HIV infection and ensure the survival of infants, ART during the breastfeeding period is recommended until the infant is 12 months of age, based on evolving WHO guidelines.
Other WHO strategies (Fig 1) implemented in the country to reduce HIV MTCT include scaling up prevention of MTCT (PMTCT) services, providing rapid screening for pregnant women, and using dried blood spot (DBS) sampling for early infant diagnosis (EID) in decentralized settings (Fig 1) . EID should be routinely performed in all children aged 4 to 6 weeks born to HIV-infected mothers [5, 6] to allow and inform the initiation of appropriate lifesaving treatment. The early provision of ART has been shown to have the potential to save the lives of � 50% of children infected by HIV by the time they reach 2 years of age [7] [8] [9] .
In Senegal, PMTCT sites and use of DBS increased (Fig 1) according to WHO guidelines. The use of DBS sampling for EID became policy in 2007 and scaled rapidly across the country, thus becoming more widely accessible. In 2006, only 61 sites throughout the country used DBS sampling for EID. However, in 2014, DBS sampling was performed at 1045 PMTCT sites, which were classified as primary sites (hospitals and sanitary districts) and secondary sites (health posts). [10, 11] .
These improvements were in line with the WHO recommendations and goal of achieving an MTCT rate lower than 5% by 2015 considered as a virtual elimination of MTCT (virtual eMTCT).
The objective of this study was to evaluate the Senegalese PMTCT response from 2008 to 2015 using EID data and to measure the impact of related efforts on decreasing the HIV MTCT rate.
Material and methods

Data collection
Data from EID request forms and EID report results collected at the bacteriology-virology reference laboratory of Le Dantec hospital in Dakar from 2008 to 2015 were analyzed. These data were programmatic efforts and included information routinely collected in mother/child medical records, such as age, site visits, mother's HIV status and treatment status, child's prophylaxis status, feeding mode, and type of samples collected (both whole blood in EDTA tubes and DBS samples).
Blood samples from children born to HIV-seropositive mothers were collected from different PMTCT sites throughout the country. The number of sites reported increased from 258 in 2008 to 1146 in 2015, including 168 primary and 978 secondary sites (Fig 2) . Whole blood was collected from Dakar pediatric reference centers, and DBS samples were collected from some Dakar PMTCT sites and from other regions of Senegal. After collection, samples were sent with the standard EID request form to the reference laboratory, an ISO 15189 accredited medical laboratory, where PCR tests, under CDC-CADU/Afriqualab PT Program � , were performed to determine the infant's HIV status. All positive results were confirmed with a second test using another sample according to the EID algorithm before being entered in the local electronic laboratory database (Fig 3) . This database was used to calculate the annual HIV prevalence and to analyze factors associated with HIV infection, such as the mother's treatment status and/or the child's prophylaxis status and the feeding mode. Four feeding modes were reported: formula feeding; mixed feeding, which combines breast and formula feeding; exclusive breastfeeding; and breastfeeding on ART, which consists of breastfeeding for 12 months postpartum to lower the MTCT risk while the mother is on ART.
Statistical analysis
The data were entered into a Microsoft Excel database and analyzed using SPSS version 16 and STATA version 12. Descriptive statistics were calculated for selected characteristics and the MTCT rates were estimated in proportion with 95% confidence intervals (CI), using Wald method [12] . Bivariate and multivariate logistic regression analyses to determine associations between HIV testing results and other variables were performed. Odd ratio (OR) with a 95% CI was used to measure the degree of association with infant HIV positivity. Bivariate analysis was performed with univariate logistic regression or cross tabulation analysis and multivariate analysis was used to calculate the adjusted odd ratio and addressed the confounding issues. The Chi-square test was used to estimate the difference between proportions in successive years. For Chi-square values lower than 0.05, Fisher's exact test was also used to estimate the pvalue. p-values less than 0.05 were considered statistically significant.
Results
Sample distribution by region
This MTCT analysis was carried out on 5418 samples comprising 398 venous blood samples from Dakar pediatric reference centers and 5020 DBS samples from Dakar and from PMTCT sites in other regions. The distance from the sites to the reference laboratory ranged from 14 to 682 km (Fig 2) . The samples were mainly from Dakar and Ziguinchor; 43.2% (2338) and 13% (704) of the samples, respectively, were from these cities ( Table 1) .
Characteristics of the children
Samples were collected from 4443 children, with more than one sample tested from 885 of these children. The median age was 8 weeks and ranged from 1 week to 24 months; the sex ratio (M/F) was 1.1 (2309/2095). The characteristics of the children and mothers over the study period are presented in Table 2 . The greatest increase in mothers receiving treatment and children receiving prophylaxis to protect against MTCT through breastfeeding occurred between 2010 and 2012.
Prevalence of HIV
The number of samples from children receiving EID testing increased from 411 (70.6%) in 2008 to 494 (72%) in 2009. The HIV transmission rate between these two years decreased from 14.8% (95% CI: 11.4-18.3) to 7.5% (95% CI: 5.2-9.8). The MTCT rate continued to decrease through 2015, when it dropped below 5% for the first time in Senegal (Fig 4; Table 3 ).
The number of children being tested increased in all age categories below 48 weeks by 2009, and the proportion of tested children under 12 weeks of age climbed to 60-65% by 2015 (Table 2) . Overall, the first diagnostic test was performed before 12 weeks of age in 59% of the children (2623/4443). It was found that the proportion of children tested before 12 weeks of age increased significantly (p-values<0.05) over the study period while it decreased among those tested after 12 weeks of age (p-values>0.05) ( Table 2) . A coincident decrease in MTCT (< 5%) occurred between 2008 and 2009 in children tested between 6 and 24 weeks of age, and a slower decrease in MTCT (< 3%) occurred among children tested before 6 weeks of age (Table 4 ). Children tested after 12 weeks of age presented higher transmission rates than did those tested before 12 weeks of age in the same period (Table 4 ).
In addition, Table 2 shows an improvement in prophylaxis over the study period, with an increase in the number of mothers treated and/or children given prophylaxis of approximately 70-88% since 2011. In addition, the proportion of infected children in each group is 6 to 10 times lower when the mother was treated and/or the child was given prophylaxis than the absence of treatment and/or prophylaxis ie (the mother was not treated and/or the child was not given prophylaxis) ( Table 4) .
According to the analysis of the infant feeding mode, breastfeeding on ART increased over the study period, from 60% in 2012 to 78% in 2015 (Table 2 ). In addition, beginning in 2012, less than 3% of infants breastfed on ART were infected ( Table 4) .
The factors associated with HIV infection in children in the bivariate analysis were a late age at testing, feeding with the exclusive/mixed modes, and the lack of the mother's treatment/ child's prophylaxis; the risk associated with these factors decreased over the study period, especially in 2009/2012, 2012/2015, and 2011, respectively (Table 5) . Table 6 (multivariate analysis) show that the sooner the better for the child's HIV diagnosis, the better if the mother is under treatment, better if the child is on prophylaxis, better if breastfeeding is on antiretroviral treatment (ART). These factors showed to help reduce the MTCT rate. 
Discussion
The international community has responded to the launch of the Global Plan to eliminate HIV MTCT by 2015 [13] . More pregnant women have been and will be screened for HIV, and more HIV-exposed infants have been and will be tested for HIV infection. The pediatric risk of HIV infection could be reduced to less than 5% by 2015 through PMTCT interventions [14] . The goal of this study was to evaluate the Senegalese national PMTCT program after the increases in both the PMTCT services implemented in primary health care facilities and the accessibility of EID due to the use of DBS sampling from 2008 to 2015. This report showed that Senegal has attained virtual eMTCT due to programmatic efforts related especially to greater access to EID testing, treatment of mothers and prophylaxis of infants.
Global prevalence
The rate of MTCT decreased from 14.8% to 4.1% between 2008 and 2015, certainly due to a great intensification of efforts towards PMTCT services in Senegal via a combination of factors, including the increase in the number of PMTCT sites, which increased from 258 in 2008 
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Child's prophylaxis status 
Mother's treatment-child's prophylaxis status All these factors have contributed to the decrease in the rate of MTCT in Senegal, as in other countries [15] [16] [17] ; the greatest progress in reducing new infections was seen in 2015 for Uganda, South Africa, Burundi, Namibia, Mozambique, Botswana, and Swaziland due to the rapid increase of integrated PMTCT services [18] . Despite this success in Senegal, a further reduction is needed to truly move towards the elimination of MTCT (< 2%), a goal already achieved by other countries. Universal access to integrated PMTCT services led to eMTCT in Cuba in mid-2015 and in Thailand, Belarus, Armenia and the Republic of Moldova in 2016 [19] [20] [21] .
However, these programmatic data could be biased due to the lack of information regarding prophylaxis and feeding modes in 2008 and 2009. Those missing data, added during some years of the study, showed that additional effort needs to be made to improve data collection and management system. Moreover, we cannot exclude the possibility that EID testing was offered mainly to symptomatic children, which could explain the high rate of HIV infection observed during those years. Moreover, the declining MTCT rate between those years was due 
HIV transmission-associated factors
As reported in other studies, factors associated with HIV transmission were a late age at diagnosis, the lack of ARV provision for both mother and child, and feeding with the exclusive/ mixed modes. In this study, in addition to the year-to-year increase in the number of PMTCT sites, factors contributing to the reduction in MTCT were earlier testing and the increased treatment of mothers/prophylaxis of infants to protect against HIV infection from breastfeeding. Indeed, the incidence of earlier testing improved over the years; an increased number of children were tested before 3 months of age, and these children had an HIV infection rate 2 to 9 times lower than that estimated for children tested after 3 months of age. However, data regarding the time lag in returning the results to the patients were missing in this analysis, and the impact of this lag on the timely initiation of ART could not be assessed. Indeed, the delayed diagnosis of HIV-exposed infants due to the delayed receipt of the collected samples and the delayed return of the results to the testing site will in turn delay treatment initiation [22] [23] [24] [25] [26] .
The results from several studies [22, [27] [28] [29] highlighted the importance of implementing efficient strategies, like the integration of innovative POC instruments into the conventional laboratory diagnostic network, to facilitate sample collection and timely results reporting [30] . However, EID has been found to be an excellent indicator for evaluating PMTCT success in some countries in SSA, as it was in this study [22, [31] [32] .
The proportion of breastfeeding mothers on HAART increased over time, and the impact of breastfeeding with ART on reducing MTCT was 10 times more significant than that of formula feeding, as has been described in other studies in African countries [33] [34] [35] [36] .
When considering treatment of mothers and/or prophylaxis of children, we found that the significant improvement in the provision of ARV to infected pregnant women and exposed children was associated with a decrease in the MTCT rate over the study period. However, the study confirmed that the lack of treatment and/or child prophylaxis remain the main factor correlated with vertical transmission, as has been shown in several countries where ARV intervention was late or unsatisfactorily implemented [29, [37] [38] [39] [40] [41] , and highlighted the benefits of antenatal HAART (Option B+) in reducing the risk of MTCT [42] .
However, in this study, no information was available regarding the adherence of the mothers to treatment or that of the children to prophylaxis, which is a broader challenge and limitation when measuring the effectiveness of PMTCT programs.
Conclusion
This report indicated the effectiveness of PMTCT in Senegal, showing that the MTCT rate decreased to less than 5% between 2008 and 2015. This decrease could be due to the greater and earlier access to EID allowed by DBS sampling combined with an increase in PMTCT services. Task shifting to integrate primary health care centers, the adoption of Option B+ for pregnant women, the improved coverage of antiretroviral prophylaxis for babies, and the use of breastfeeding on ART were probably the key factors underlying the improved organization of maternal and infant health care services. However, due to the possible further postpartum infection of uninfected newborns via breastfeeding, efforts must be strengthened-especially towards improving the adherence of mothers to treatment and children to prophylaxis, enhancing counseling and monitoring infant feeding in order to achieve the goal of an MTCT rate of less than 2% by 2020 for a generation without AIDS in 2030.
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